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TITLE OF THE INVENTION 

EXPOSURE APPARATUS AND ALIGNING METHOD 

FIELD OF THE INVENTION 
The present invention relates to an aligning 
apparatus preferably applicable to reticle alignment in 
a semiconductor exposure apparatus . 

BACKGROUND OF THE INVENTION 

In a semiconductor exposure apparatus , the 
accuracy of alignment of reticle and wafer is 
significant performance which directly influences the 
apparatus capability. In the exposure apparatus, a 
circuit pattern drawn on a reticle must be precisely 
overlaid on each shot area pattern on a wafer, thus 
different circuit patterns must be overlaid in multiple 
layers on the wafer. To obtain such high overlay 
accuracy, it is necessary to always accurately align 
the reticle and the wafer. Generally, in the exposure 
apparatus, the respective wafer and reticle substrates 
are aligned with their respective stages for high- 
accuracy alignment therebetween. For this purpose, the 
accuracy of alignment of the reticle and wafer stages 
is also significant. 

For example, alignment of a reticle with the 
reticle stage is made by overlaying a reticle mark 
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provided on a reticle lower surface on a reference mark 
provided on the reticle stage and measuring the 
overlaid marks . That is , the reticle is placed on the 
reticle stage, then the reticle and/or the reticle 
5 stage is moved to a position where predetermined 

relative positional relation can be obtained between 
the reticle marks and the reference mark, thereby 
alignment is made . 

Conventionally, a system to realize the above 

10 alignment has a construction as shown in Fig. 1. A 

reticle 5, supplied from a reticle transfer robot 1, is 
aligned based on outer form shape by using thrust pins 
3 in a reticle holder 2 . Then the reticle 5 is 
supplied by a reticle exchange hand 4 onto a reticle 

15 stage 10, and is aligned with the reticle stage 10. 
Numerals 20 and 21 denote measurement cameras and 
illumination LEDs for image sensing the reticle mark 
and a reference mark. An image processing unit 31 
measures the positions of these marks using the 

20 obtained image data. The result of position 

measurement is used for reticle alignment. In this 
example, the result of measurement is reflected in a 
reticle stage driver 11 through a control unit 32. A 
reticle holder 12 on the reticle stage 10, in the 

25 aligned state, holds the reticle, thereby the alignment 

of the reticle is realized. 

However, in an initial status of the above 
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alignment, if the positions of the reference mark and 
the reticle mark are unknown, a search for the mark 
positions must be performed, thus the throughput of the 
apparatus is seriously delayed- Generally, the 
5 position of the reference mark of the stage can be 

grasped by the apparatus itself, however, the position 
of the reticle mark differs by reticle. Accordingly, 
to improve the throughput of the apparatus , rough 
alignment called prealignment is performed so as to 

10 find the reticle mark position. 

Japanese Published Unexamined Patent Application 
No. 2000-349022 proposes a system to efficiently 
realize this prealignment. According to the system, 
the prealignment is performed in parallel with setup 

15 processing such as inspection of reticle contamination 
and generation of inventory, thereby the throughput is 
improved. However, in this system, as a 4 -cell 
detector fixed to a rotary part of a reticle exchange 
hand is used as means for measurement of prealignment, 

20 the accuracy of alignment is the same on the reticle 
supply side and the reticle stage side. Further, in 
this system, it is difficult to attain high accuracy. 

SUMMARY OF THE INVENTION 

25 



The present invention has its object to realize 

substrate alignment with high alignment accuracy so as 
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to attain high throughput. 

According to the present invention, the foregoing 
object is attained by providing an exposure apparatus 
which performs alignment on a substrate on first and 
5 second stages, and performs predetermined exposure 
processing using the substrate aligned on the second 
stage, comprising: a first alignment unit to detect a 
position of a mark on a substrate placed on the first 
stage by using a first image sensing unit, and perform 

10 alignment on the substrate based on the result of 

detection; a transfer unit to transfer the substrate, 
aligned by the first alignment unit, from the first 
stage onto the second stage; and a second alignment 
unit to detect the position of the mark on the 

15 substrate placed on the second stage by using a second 
image sensing unit having higher magnification than 
that of the first stage, and perform alignment on the 
substrate based on the result of detection. 

Also, according to another aspect of the present 

20 invention, there is provided an aligning method for 

aligning a substrate by using first and second stages, 
comprising: a first alignment step of detecting a 
position of a mark on a substrate placed on the first 
stage by using a first image sensing unit, and 

25 performing alignment on the substrate based on the 

result of detection; a transfer step of transferring 

the substrate, aligned at the first alignment step, 
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from the first stage to the second stage by a transfer 
unit; and a second alignment step of detecting the 
position of the mark on the substrate placed on the 
second stage by using a second image sensing unit 
5 having higher magnification than that of the first 

stage, and perform alignment on the substrate based on 
the result of detection. 

Other features and advantages of the present 
invention will be apparent from the following 
10 description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
the same name or similar parts throughout the figures 
thereof . 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings , which are incorporated 

in and constitute a part of the specification, 

illustrate embodiments of the invention and, together 
20 with the description, serve to explain the principles 

of the invention. 

Fig. 1 is a schematic diagram showing reticle 

transfer and a reticle aligning mechanism in a general 

exposure apparatus ; 
25 Fig. 2 is a schematic diagram showing the reticle 

aligning mechanism according to a first embodiment of 

the present invention; 
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Fig. 3 is a schematic diagram showing the 
structure of a prealignment stage according to the 
first embodiment ; 

Fig. 4 is a graph showing calculation of 
5 correction amount according to the first embodiment; 

Fig. 5 is a schematic diagram showing the reticle 
aligning mechanism according a second embodiment of the 
present invention; 

Fig. 6 is a schematic diagram showing the 
10 structure of the prealignment stage according to the 
second embodiment ; 

Fig. 7 is a graph showing the calculation of 
correction amount according to the second embodiment; 
and 

15 Fig. 8 is a flowchart showing an exposure 

processing procedure according to the first embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 Preferred embodiments of the present invention 

will now be described in detail in accordance with the 

accompanying drawings . 

In the embodiment described below, the present 

invention is applied to a reticle alignment mechanism 
2 5 in an exposure apparatus. In the exposure apparatus, 

prealignment for a reticle to be aligned is performed 

in parallel with an exposure processing operation, 
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thereby reticle exchange time is reduced, and high 
throughput is realized. 

< First Embodiment > 
5 Fig. 2 is a schematic diagram showing a reticle 

aligning mechanism according to a first embodiment of 
the present invention. As described above, the present 
embodiment is applied to an exposure apparatus, however, 
for the purpose of detailed explanation of the reticle 

10 aligning mechanism, elements of the exposure apparatus 
such as a projection optical system and a wafer stage 
are omitted in Fig. 2. 

In addition to the conventional construction as 
shown in Fig. 1, a stage 30 for prealignment , image 

15 sensing units 40 and illumination LEDs 41 constituting 
an image sensing mechanism are provided. Note that the 
reticle transfer robot 1 is omitted from the figure. 
Further, the image sensing units 20 and the 
illumination LEDs 21 will be referred to as a first 

20 image sensing mechanism, and the image sensing units 40 
and the illumination LEDs 41, as a second image sensing 
mechanism. The prealignment stage 30 is a stage driven 
by, e.g., an XY6 3-axis linear motor. The image 
sensing units 20 and 40 are e.g. CCD cameras. The 

25 first image sensing mechanism (20, 21) and the second 

image sensing mechanism (40, 41) are fixed on the same 

non-movable element (not shown). Thus the reference 
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positions of the both image sensing units (20, 40) are 
fixed to predetermined measurement coordinate positions 
such as measurement centers of cameras . 

The reference positions on the reticle holder 12 
on the reticle stage 10 are brought into correspondence 
with the reference position of the image sensing units 
20, and the reference positions on the reticle holder 2 
on the prealignment stage 30 are brought into 
correspondence with the reference positions of the 
image sensing units 40. Thus the relative positions of 
the reticle holder 2 and the reticle holder 12 are 
clearly obtained. 

Fig. 8 is a flowchart showing reticle alignment 
processing in the exposure apparatus according to the 
first embodiment . 

First, at step SI, a reticle to be used in 

exposure processing is transferred onto the reticle 

holder 2 by the robot 1 . At step S2 , alignment is 

performed based on outer form shape of the reticle with 

the thrust pins 3. At step S3, detection of reticle 

marks and rough alignment (prealignment) are performed 

by the second image sensing mechanism (40, 41) and the 

prealignment stage 30. These reticle transfer 

processing at step SI and the prealignment processing 

at steps S2 and S3 can be performed in parallel with 

alignment of reticle on the reticle stage 10 and 

exposure processing (steps Sll and S12). 
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At the timing of reticle exchange, the process 
proceeds from step S4 to step S5, at which the pre- 
aligned reticle is transferred from the prealignment 
stage 30 to the reticle stage 10 by the reticle 
exchange hand 4 . When the reticle transfer by the 
reticle exchange hand 4 has been completed, as a used 
reticle (reticle that was subjected to exposure) is 
placed on the prealignment stage 30, the used reticle 
is unloaded by the robot 1 (not shown in Fig. 2) at 
step S6. Thereafter, the process returns to step SI, 
at which rough alignment is performed on the next 
reticle. On the other hand, on the reticle stage 10, 
accurate alignment is performed on the reticle 
transferred at step S5. That is, at step Sll, high- 
accuracy reticle alignment is realized by the first 
image sensing mechanism (20, 21). Then at step S12, 
the reticle stage 10 moves the aligned reticle to an 
exposure processing position, and exposure processing 
is performed on the reticle. When the exposure has 
been completed, the reticle is returned to the reticle 
alignment position (the position of reticle transfer 
from the prealignment stage 30) at step S13, and the 
reticle exchange hand 4 is notified that transfer is 
possible . 

The reticle exchange hand 4 unloads the used 
reticle from the reticle stage 10 in response to the 
notification, and loads a prealigned reticle onto the 
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reticle stage 10 (steps S4 and S5). 

Hereinbelow, the reticle alignment will be 
described in more detail. 

First, the reticle transferred by the robot 1 to 
5 the reticle holder 2 at step SI is aligned based on the 
outer form shape with the thrust pins at step S2 . Fig. 
3 shows the structure of the reticle holder 2. The 
reticle alignment with the thrust pins is made by, e.g., 
with 3 pins 3a as reference pins, pressing 2 pins 3b to 

10 reticle end surfaces. The purpose of the alignment 
with the thrust pins is bringing the reticle into a 
predetermined range without measurement of reticle 
marks position, for efficient prealignment by image 
sensing. For this purpose, it is desirable that the 

15 positional relation between the 2 sides to abut against 
the 3 reference pins 3a and the reticle marks are 
obtained in advance as reticle information. After the 
alignment based on the outer form shape with the thrust 
pins, the reticle holder 2 holds the reticle by e.g. 

20 vacuum clamping the lower surface of the reticle, then 
the process proceeds to the prealignment at step S3. 

To detect the reticle marks aligned based on the 
outer form shape with the thrust pins without search, 
the image sensing unit 40 has a wide-view detection 

25 range in consideration of the accuracy of the thrust 

pins 3 and reticle-mark drawing error in each reticle, 
so as to reliably detect the reticle marks after the 
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execution of step S2 . The reticle marks are measured 
by the second image sensing mechanism (40, 41), and the 
reticle marks are aligned to reference positions 
(predetermined camera measurement coordinate positions) 
5 42 and 43. 

The correction amount in alignment is calculated 
as shown in Fig. 4. "XYO" is calculated from the 
relative positions of the measurement coordinates 42, 
43 as the reference position measured by the image 

10 sensing units 40 and the reticle marks 44 and 45. Note 
that n O ,n denotes a center of line segment connecting 
the reticle marks 44 and 45. The value "XY0" is 
reflected in the prealignment stage 30 through the 
control unit 34, thereby the prealignment stage moves 

15 so as to bring the reticle marks to the reference 
positions. Thus the prealignment is completed. 

After the above rough alignment (prealignment), 
the reticle is transferred onto the reticle stage 10 by 
the reticle exchange hand 4 (step S5). At this time, if 

20 the amount of driving of the reticle exchange hand 4 is 
always the same, the positions of the reticle marks on 
the reticle transferred onto the stage 10 can be 
measured in approximately the same positions each time. 
Accordingly, the second image sensing mechanism (40, 

25 41) and the reticle holder 2 have reference positions 

as reference prealignment positions to bring the 

reticle marks into a predetermined positional range 
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(the view range of the first image sensing mechanism) 
upon the reticle transfer by the reticle exchange hand 
4. By this arrangement, on the reticle stage 10, as 
the reticle marks are positioned within the view of the 
5 first image sensing mechanism (20, 21) without search 
of reticle marks, high-accuracy alignment can be 
immediately performed. Preferably, the reference 
positions in the reticle holder 2 are brought into 
correspondence with e.g. the camera center upon 
10 assembly. Further, if such previous setting is 

difficult, shift amounts from the camera center may be 
used as offset amounts. The coordinate positions 
shifted by the offset amounts can be set as reference 
positions. 

15 When the reticle has been transferred by the 

reticle exchange hand 4, the reticle marks are image- 
sensed and measured on the reticle stage 10, thus the 
reticle is finally aligned (step Sll). On the reticle 
stage 10 side, as the mark positions have been obtained 

20 by the previous prealignment , high-accuracy reticle 

alignment can be performed without search for reticle 
marks by the first image sensing mechanism (20, 21) 
having a narrower view and higher magnification than 
the second image sensing mechanism (40, 41). Actually, 

25 a shift occurs due to mechanical contact or the like 

upon transfer by the reticle exchange hand 4, the shift 

amount can be corrected as an offset amount on the 
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prealignment stage 30 or the reticle stage 10 side. 
Thus the reticle alignment can be performed without 
losing the effect of the prealignment. 

Note that the reticle marks measured at step Sll 
may by the same as or may be different from the reticle 
marks measured at step S3. That is, it may be arranged 
such that reticle marks for prealignment are different 
from reticle marks for final alignment for improvement 
in accuracy. In this case, the relative positions of 
the reticle marks used at step Sll and the reticle 
marks used at step S3 are clearly obtained in advance, 
thereby alignment can be performed without search for 
reticle mark as in the case of the above embodiment. 

Further, after the reticle alignment, the reticle 

stage 10 moves to the exposure position for execution 

of exposure processing, while the next reticle is 

transferred to the reticle holder 2. As described 

above, as prealignment is performed with the measured 

coordinate points as reference positions, the reticle 

marks can be detected without reticle stage. 

Accordingly, the prealignment at steps S2 and S3 can be 

completed during the exposure at step S12. As a result, 

after the completion of exposure, when the reticle 

stage 10 returns to the alignment position, only the 

reticle exchange by the reticle exchange hand 4 and the 

reticle alignment at step Sll are performed. Thus, the 

reticle alignment can be very efficiently performed. 
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Note that in the above embodiment, the reticle 
alignment has been described, however, the present 
invention is applicable to wafer alignment. 

As described above, the aligning apparatus 
5 according to the first embodiment performs alignment on 
a first stage ( prealignment stage 30, thrust pins 3 and 
reticle holder 2) and a second stage (reticle stage 10). 
The apparatus has a first alignment unit (thrust pins 3, 
image processing unit 33, control unit 34, second image 

10 sensing mechanism 40, 41) to perform alignment on a 
substrate placed on the first stage to bring marks 
(reticle marks) on the substrate to predetermined 
positions, a transfer device (reticle exchange hand 4) 
to transfer the substrate (reticle) from the first 

15 stage to the second stage, and a second alignment unit 
(image processing unit 31, control unit 32, first image 
sensing mechanism 20, 21) to perform alignment with 
higher accuracy than that of the first alignment unit 
on the substrate placed on the second stage. The 

20 destinations of the marks on the substrate by the 

transfer device are known, and as the positions of the 
marks on the substrate are brought to the predetermined 
positions by the first alignment unit, the marks can be 
placed to positions appropriate to execution of 

25 alignment by the second alignment unit upon transfer of 
the substrate to the second stage. Thus the alignment 
processing by the second alignment unit can be quickly 



CFM03416/P203-0560 



performed. In a case where the alignment apparatus is 
applied to an exposure apparatus , predetermined 
processing such as exposure processing is performed 
using the substrate placed on the above second stage. 
Then the alignment by the first alignment unit can be 
performed on a substrate newly placed on the first 
stage during execution of alignment by the second 
alignment unit and/or predetermined processing such as 
exposure processing. 

In this arrangement , as prealignment can be 
completed during execution of predetermined processing 
such as exposure processing, processing time for 
substrate alignment can be reduced, and the throughput 
of the apparatus can be improved. 

Further, the first alignment unit includes 
processing to perform alignment based on the outer form 
shape of the substrate. As the positions of the 
reticle marks can be brought into a predetermined range 
by using the outer form shape, the apparatus structure 
can be simplified, and the processing speed can be 
increased. Note that it is necessary to previously 
obtain relative distances between the positions of 
reference points of the outer form shape and the mark 
positions to be measured. 

Further, according to the first embodiment, the 

above first alignment unit performs alignment based on 

the outer form shape of substrate (by using the thrust 

15 
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pins), then measures the marks of the substrate by 
image sensing thereby performs alignment of the 
substrate. Especially, in the first embodiment, the 
first stage is driven based on the result of 
5 measurement of the image- sensed marks of the substrate 
such that the marks are brought to predetermined 
reference positions (the reticle stage 30 is moved in 
the XY0 direction). 

Further, in the above -described transfer device, 

10 to reflect the result of alignment performed on the 
first stage (prealignment ) on the second stage with 
high accuracy, the substrate holding position on the 
first stage (reticle holder 2) and the substrate 
holding position on the second stage (reticle holder 

15 12) are linked with each other. As the relative 

positional relation between the reference positions of 
the respective holders are clearly obtained, efficient 
alignment without search for substrate marks can be 
realized on the second stage. Note that since the 

20 linkage between the positions of the both reticle 
holders greatly influences the accuracy of mark 
alignment, it is preferable that reference positions of 
the image sensing mechanisms in the respective reticle 
holders are used. Further, as a mechanism to chuck the 

25 substrate in the reticle holder, a well-known chuck 
mechanism such as an electrostatic chuck or a vacuum 
chuck can be employed. 
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Further, the above linkage is made for the 
purpose of clearly obtaining the position to the 
reference position of the first image sensing mechanism 
(20, 21), upon the transfer of the substrate, pre- 
5 aligned to the reference positions of the second image 
sensing mechanism (40, 41) in the reticle holder 2, by 
the reticle exchange hand 4 to the reticle holder 12. 
As long as the relative position is clearly obtained, 
even if a positional shift occurs upon reticle transfer, 
10 the shift amount is used as an offset amount to the 

reference position of the reticle holder 2. Thus the 
substrate can be approximately accurately transferred 
to the reference position of the reticle holder 12 
(first image sensing mechanism 20, 21). 

15 

< Second Embodiment > 

In the first embodiment, prealignment is realized 

by driving the prealignment stage 30 in the XY0 

direction. In the second embodiment, prealignment is 
20 realized by fine driving of thrust pins, thereby the 

structure can be simplified. 

Fig. 5 shows the reticle aligning mechanism 

according the second embodiment. The present 

embodiment is also applied to an exposure apparatus . 
25 As in the case of the above embodiment shown in Fig. 2, 

for the purpose of detailed explanation of the reticle 

aligning mechanism, elements of the exposure apparatus 
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such as a projection optical system and a wafer stage 
are omitted in Fig. 5. The difference from Fig. 2 is 
that the prealignment stage 30 is not used but thrust 
pins 50 (pins 50a to 50d as shown in Fig. 6) which can 
5 be finely driven are used for prealignment. 

Fig. 6 shows the details of the reticle thrust 
pins 50 in Fig. 5. The thrust pin 50a, provided on the 
Y axis of the measurement coordinate system, can be 
finely driven in the X direction; the thrust pins 50b 

10 and 50c, provided on the X axis of the measurement 
coordinate system, can be finely driven in the Y 
direction; and the thrust pin 50d, having a spring 
mechanism between the pin and the driving portion, can 
absorb fine driving of the pins 50a, 50b and 50c and 

15 distortion of the outer form shape of the reticle. 

The entire flow of the exposure processing 
including prealignment according to the second 
embodiment is as described in the first embodiment (Fig. 
8). In the second embodiment, the prealignment 

20 processing at steps S2 and S3 is different. 

The prealignment according to the present 
embodiment is performed as follows. First, in a status 
where the reticle is placed on a stage for prealignment, 
the thrust pins 50 are moved to predetermined positions 

25 so as to abut against the reticle, thus the reticle is 
aligned based on outer form shape. 

Next, the reticle marks 44 and 45 are measured by 
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the first image sensing mechanism (40, 41) while the 
reticle in the above status is held. In the second 
embodiment, the alignment correction amount is 
calculated as shown in Fig . 7 . The correction amount X 
5 is reflected in the driving of the pin 50a; the 

correction amount Yl , in the driving of the pin 50b; 
and the correction amount Y2, in the driving of the pin 
50c, through the image processing unit 33 and the 
control unit 34. As a result, the reticle marks 44 and 

10 45 can be aligned with the reference positions 42 and 

43. In the first embodiment, a rotational component is 
corrected in the 6 directional driving axis, however, 
in the second embodiment, the rotational component is 
corrected by independently moving the pins 50b and 50c 

15 by Yl and Y2. All the correction amounts can be 

obtained from the differences between the reference 
positions 42, 43 and the reticle mark positions 44, 45. 
Further, as the correction directions and the operation 
directions of the driven parts are the same, the 

20 structure is intuitive. 

In the second embodiment, as actuators are 
employed only for the 4 axes of thrust pins, 
commonality of driving units for thrust pins and 
prealignment can be realized, thereby further 

25 downsizing and weight reduction in comparison with the 
first embodiment can be attained. Further, in the 
second embodiment, 2 measurement reference points and 2 
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axes of Y-axis driving units are employed on the 
assumption of rotational shift, however, in a case 
where correction of rotational shift is unnecessary, 1 
measurement reference point and 1 Y-axis driving unit 
5 may be employed, thereby further downsizing and weight 
reduction can be made. 

Further, in the sequence of the entire apparatus 
operation, merely the processing at steps S2 and S3 is 
changed, thus the flow of reticle exchange is the same 

10 as that in the first embodiment. That is, the 

prealignment at steps S2 and S3 can be completed during 
exposure. Then, after the completion of exposure, when 
the reticle stage 10 returns to the alignment reference 
position, only the reticle exchange by the reticle 

15 exchange hand 4 and the final alignment at step SI are 
performed thereby the reticle alignment is completed. 
Thus, very efficient reticle alignment can be realized. 

As described above, according to the second 
embodiment of the first embodiment, the first stage, 

20 including the prealignment stage 30, the thrust pins 3 
and the reticle holder 2, is constituted with the 
thrust pins 50 and the reticle holder 2 . The image 
sensing and measurement are performed on the reticle 
marks, then based on the result of measurement, the 

25 reticle is further aligned based on the outer form 

shape (by using thrust pins) such that the marks are 
brought to predetermined reference positions. In the 
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second embodiment, as the prealignment stage 30 can be 
omitted, the structure can be simplified. 

As described above, according to the above 
respective embodiments, reticle alignment and 
5 prealignment can be realized with high alignment 
accuracy, without search for mark, and further, 
prealignment in parallel with an exposure operation can 
be realized. Accordingly, the entire throughput of the 
exposure apparatus can be improved. 

10 As described above, according to the present 

invention, substrate alignment with high alignment 
accuracy to attain high throughput can be realized. 

As many apparently widely different embodiments 
of the present invention can be made without departing 

15 from the spirit and scope thereof, it is to be 

understood that the invention is not limited to the 
specific embodiments thereof except as defined in the 
appended claims . 
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